A classical interpretation of the Dirac-Van Vleck spin version of valence bond theory is used to obtain a classical model for electronic degrees of freedom within the valence bond framework. The approach is illustrated by deriving the explicit forms of the classical Hamiltonians, involving electronic and heavy particle degrees of freedom, for the H-H 2 ,
F-H 2 , and 0-H 2 systems. It is also shown how the initial conditions for both electronic and heavy particle degrees of freedom are chosen to carry out a classical trajectory simulation of collision processes. The attractive feature of this model is that it is as eaaily applicable to electronically non-adiabatic processes as it is to adiabatic ones.
I,
Introduction.
1
During the last few years a theoretical approach to electronically non-adiabatic collision phenomena has been developed which treats the electronic degrees of freedom, as well as the nuclear degrees of freedom (i.e,, translation, rotation, and vibration), by classical mechanics. The advantage of such a model is that a classical trajectory simulation can be carried out which treats the dynamics of all degrees of freedom, the electronic transition and the nuclear motion, in a consistent way. The original motivation for this approach was the realization 2 • 3 that models which do not treat electronic and heavy particle degrees of freedom on a dynamically consistent footing will fail to describe certain aspects of the process correctly.
Even though these "totally classical" models are more dynamically consistent than others (except, of course, the totally quantum mechanical formulation, i.e., the rovibronic coupled~channel Schrodinger equation), they have the obvious shortcoming that they characterize the electronic degrees of freedom via classical rather than quantum mechanics. Since electrons· are usually considered to be highly quantum mechanical entities, it is not obvious that such an approach will be usefully accurate. plus (2.8e') are only 18 first order differential equations. In practice, however, 18 is not sufficiently less than 21 to be significant, and since the equations of motion in terms of the cartesian spin variables are quite a bit simpler algebraically than the ones in terms of the action-angle variables, it is actually more convenient and efficient to carry out numerical trajectory calculations using the cartesian spin variables rather than the action~angle spin variables. the nuclear variables (p,r,P,R) are determined in the usual way, • so no further discussion regarding them is necessary. It remains to specify the appropriate initial values of the spin variables. thus provides what we consider to be the "correct" classical result for lZ this system and which we would expect to be in reasonably good agreement with the quantum mechanical results for this surface.
The classical valence bond model, on the other hand, proceeds as We consider these results to be reasonably encouraging; other than the threshold region of the reactive channel the classical valence bond model describes the overall energy dependence of these cross sections quite well. The problem with the reactive threshold seems to stem from the fact that the correct threshold behavior is determined almost entirely by the adiabatic barrier height, and even though the classical spins do evolve essentially adiabatically, the classical adiabatic electronic where we have noted that due to the diatomic symmetry the interaction 
~21~
The classical equations of motion are generated as before, by Eq. (3, 17) where r 12 , the H-H separation, and r 13 and r 23 are defined in terms of 
